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CHAPTER I 
INTRODUCTION TO THE m'UDY 
An integrated science course for Basic Professional 
Nursing S.tudents, known as Human Ecology, is in t~e process of 
development at Boston University, School of Nursing. 
The HUman Ecology Course, as now composed, consists of six 
Units based on the Problem-Solving approach and comprising an 
integr~tion of the concepts of Anatomy, Chemistry, Microbiology, 
Physiology, pathology (elementary) and Sanitatioi4 The time 
framework proposed consists of eight semester hours each 
semester or sixteen semester hours for the year course. 
The course at present is recognized to be deficient in 
concepts of Physics. This deficiency is stated concisely in 
the report to the Kellogg Foundation at the end of the first 
year of study.l 
As the report stated, a complete study of the principles 
of Physics desirable for inclusion had not been completed at 
that time. This deficiency was also recognized by Dr. Leon 
Bradley who reviewed the study.2 
1 Eleanor Page Bowen, nThe First Year Progress Report of 
the Basic Curriculum Study,", (unpublished report submitted to 
the w. K. Kellogg Foundation, June, 1951), p. 5. 
2 Ibid., . p. 5. 
---
' 
Because o:f these recommendations and this recognized need 
for study, it seems that a study o:f the concepts o:f physics 
should be made at this time to determine which ones are desir-
able ones for inclusion in the Basic Professional Curriculum 
and, of these, which are feasible for inclusion in the Human 
Ecology Course .. 
The Problem 
-
What are the recognized concepts of physics included in 
certain selected schools of nursing courses in physics :for 
nurses, and of these, which can be most meaningfully included 
in the HUman Ecology Course at Boston University School of 
Nursing? 
SU.b~Problems 
In order to answer the main problem, the following sub-
problems were formulated: 
1. 
2. 
What concepts of physics are recommended as 
essential and/or functionally desirable for 
professional nursing students? 
What criteria can be formulated as a basis 
for determining the most significant concepts 
of physics? 
Of the accepted concepts, which ones can be 
most meaningfully taught in the HUman Ecology 
Course at Boston University, School of Nursing? 
2 
Limitations 
This study is limited to an analysis o:f: 
1. Content of physical concepts as found in two 
textbooks in Physics for Nurses. 
2. Physical concepts as found in seven Nursing 
.Arts Textbooks. 
3. Physical concepts as found in five Collegiate 
Schools of Nursing offering courses in Physics 
for Nurses.l 
This study is further limited by the paucity o:f research 
and investigation that has been made in this field. At the 
present time there are only two textbooks in Physics for 
Nurses. 
Another limitation o:f this study is the necessity to work 
within the :framework o:f the Ruman Ecology Course, i.e., General 
Units of Instruction as already established for the Human 
Ecology course. 
A fourth limitation is that no attempt has been made to 
make an analysis of the clinical situations. 
A :further limitation is that no attempt has been made to 
analyze c. L. A. Physics courses. 
No at~empt was made to study other science courses. 
1 List of the Members gnd Associate Men@ers o:f the 
Association of Collegiate Schools o:f. Nursing, 1951.-1.952. 
National League o:f NUrsing Education. 
'. Methodology 
The following methods were used in order to solve the 
e problem: 
1. An analysis of the concepts of Physics considered 
significant to Nursing as developed in two Text-
books of APPlied Physics for Nurses: 
a. Stearns, Howard; "Elementary Medical 
?hysics, tt Macmillan Company. 
b. Flitter, Hessel; "An Introduction to 
Physics in Nursing, tt C. V. Mosby 
Company. 
2. An analysis of the concepts of Physics as included 
in seven Textbooks of Nursing Arts: 
a. Harmer and Henderson; "The ·Principles 
and Practice of Nursing," Macmillan 
Company. 
be McClain, Esther; "Scientific Principles 
in Nursing, n c. V. Mosby Company. 
c. Montag and Filson; "Nursing Arts," 
Saunders Company. _ 
d. Rothweiller & White; "The Art and 
Science of Nursing, n F. A. Davis. 
e. Snl1 th, Mary Ruth; "Principl.es of 
Nursing care," Lippincott Company. 
:f. Tracy, Margaret; "Nursing an Art and 
a Science, n c. v ... Mosby Company. 
g. Wolf, Lul.u; "Ntirsing, tt D. Appl.eton-
Century. . 
3. An anal.ysis of the "curriculum Guide for School.s · 
of Nursing," National League of Nursing Education, 
to see what conc~pts of Physics are recommended 
(for the Nursing Curriculum). 
4. A study of the Bul.letins of the Schools of Nursing 
who in 1.951 were members or associate members of 
the Association of :Collegiate :Schools of Nursing 
to determine which schools gave courses in Physics 
applied to Nursing. 
4 
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5. A follow-through of these schools to obtain their 
Course outlines and an analysis of these Course 
outlines. 
6. Formulation of criteria for the selection of ap-
propriate and significant concepts. 
7. In the light of these criteria, a compilation of 
the concepts of Physics wbich.could reasonably 
be incorporated in the Human Ecology course. 
a. An analysis of the present Human Ecology Course 
to determine whiCh, if any, of these concepts 
have already been included. 
. ·-
9. A SUmmary of Concepts checked in both NUrsing 
Arts Textbooks and Fhysics texts. 
10. A SUmmary of Concepts checked With a major X in 
Fhysics but not included in the Nursing Arts 
Textbooks. 
11. Formulation of-a criteria as a basis for deter-
mination for placement of these concepts in 
either the Human Ecology Course or elsewhere in 
the Curriculum. 
12. ReCol'lllllendations for the additional concepts of 
Physics to be included in the HUI11an Ecology 
Course • 
5 
CHAPTER II 
PHILOSOPHY AND BASIC ASSUMPTIONS OF THE STUDY 
The following basic assumptions have been accepted for 
this study: 
1. That there is a felt need for Physics in the basic 
eurri cul um.. 
It is as~ed that the-professional nurse needs to be 
able to understand certain basic concepts and principles of 
Physics. The just~fication for this asgrumption is based on 
both the historical significance of Physics to the medical 
sciences, and its direct functional usefulness in applying 
principles to the daily 'use of certain basic nursing pr.oce-
dures. As Sandermanl points out, historically, Physics was 
one of the major sciences on which medicine was based. The 
s~udent of professional nursing should, therefore, gain some 
social and historical value from its study as well as enlarg-
ing the base of her scientific knowledge. Therefore, it could 
be argued that Physics is justifiably included on the basis of 
its cultural value. Lynde,2 on the other hand, emphasizes the 
need for Physics in the curriculum on the basis of its direct 
1 L. A, • .Sand.erman and s,. K. Od.de, "A Preclinical Physics 
Course," American Journal of Nursing, 44:955, 1944. 
2 c. J. Lynde, "Physics and Modern NUrsing," American 
Journal of Nursing, 38:20, 1938CJ ',~ _ 
\ 
J 
functional usefulness as applied to certain basic nursing 
procedures. 
She points out that the student is somewhat frightened by 
certain of our complicated apparatus--notably the Wangenstein 
suction, the Drinker Respirator, the nebulizer, and Russell 
balanced traction--if she does not realize that they are 
merely applications of certain basic concepts of Physics that 
she bas already mastered. The article continues to justify 
the inclusion of Physics in the curriculum on the basis also 
of its interrelationship with other sciences--particularly 
Physiology and Chemistry. It is difficult to see how the 
student can properly understand such physiological phenomena, 
as the maintenance of body posture, Without some knowledge of 
inertia and stability, or the intricacies of circulation 
without some knowledge of capillarity. Breathing, itself, 
and the action of the heart, are better comprehended if the 
student understands the concept of negative and positive 
·pressure. 
2. That learning is facilitated by integration. 
The learning process is facilitated when material is 
taught in meaningful relationships. As student learning is· 
facilitated by integration, the problem-solving approach was 
~ 
selected for the Human Ecology Course. ~~)Romano states, 
"There is need for integration of al1 bodies of knowledge in 
7 
order that the student may obtain a whole picture of man in 
our society.n1 
Tyler also believes that learning is facilitated for the 
student in which she sees active integration. As he phrases 
it, "Learnings which are consistent with each other, which 
are integrated and coherent, reinforce each other.tt2 
The philosophy of integration, based as it is on the 
holoistic philosophy of the field psychologist, has been 
accepted for the Human Ecology Course. A canplete description 
of this philosophy may be found in the First Year Pr()gress 
Report to the Kellogg Foundation on the Human Ecology Course, 
and need not therefore be duplicated here.3 
3. That careful selection of material is imperative, 
as it is impossible to teach everything. 
It is no longer possible to teach a nursing student all 
the facts that it might be desirable for her to know. The 
base of human knowledge has extended so far and so rapidly 
that it is ~possible to teach everything. It therefore 
2 Ralph Tyler, Basic Pri-nciples o.f. curriculum and 
Instruction (University of' Chicago Preas, 1950), p. 27. 
3 Eleanor Page Bowen, nThe First-Year Progress Report of 
the Basic Curriculum Study,n (unpublished report submitted to 
the w. K. Kellogg Foundation, June, 1951), p. 7. 
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becomes imperative that the concepts selected for inclusion 
L- .) 
shall be meaningful ones to the student. As~argar~~)Bridgman 
--.-~ 
observes 8 "All education today must be a fragmentary sampling 
from the vast store of human knowledge and no curriculum can 
hope to encompass as much as is desirable."l 
In order to select the concepts of Physics, we are faced 
with the problem, as in all education, of selecting material 
which will seem of real worth to the learner; the student is 
motivated to learn to a large extent in the proportion to 
which she can see direct application of her knowledge to daily 
functioning. She must also be able to see the interrelation-
ships of her learning to the problem at hand. Murcell sum-
marizes this in the following statement: 
Learning is meaningful in the proportion to 
which the problem seems of real worth to the 
learner; to Which its essential interrelatedness 
is emphasized and to which it is the learner's 
task t~ appreciate the interrelatedness of this 
unity. 
It is therefore an ill\I)ortant problem. of ihis thesis to 
select carafiUlly the concepts of physics from the vast store 
of physical concepts, for incluai on in the Human Ecology 
Course. 
.• 
2 Jam.e s Mur cell, su.cce ss:ful Teaching (New York: McGraw, 
H111 Book co., 1946), p. 4S. 
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The criteria used for selection are: 
a. of major significance to nursing as 
determined by authorities in this field. 
b. logical relationship to the problem areas 
selected for the Human Ecology Course. 
c. functionally applicable. 
4. That present a. L. A. Physics courses are not 
satisfactory for the curriculum in professional nursing. 
The courses in the Liberal Arts Colleges in Physics are 
designed for a specific purpose; namely, that o£ laying the 
foundation work for subsequent courses for specialization in 
this field. They are not therefore selected to meet the ob-
jectives of the preparation of nurses. It is therefore 
assumed that physics for nursing students should be taught in 
a way which will better meet their needs. It is assumed that 
physics could be better integrated in the HUman E.cology Course 
than as a separate course. No attempt will be made in this 
study to select concepts of physics designated for a separate 
course in physics. 
5. That Physics can be incorporated into the Human 
Ecology Course. 
There are many areas in physics which obviously overlap 
w1 th chemistry and physiology. outstanding among these are 
such concepts as the molecular construction of matter, energy 
and energy transformations, and the functioning of the eye 
10 
and the ear. Because of this overlapping Physics seems 
ideally sui ted for inclusion for an integrated science course 
for nurses~ such as the Human Ecology Course. 
6. That in keeping with the problem areas selected for 
the Human Ecology Course~ the concepts selected will relate 
in as far as possible to symptomatic nuraing. 
The concepts of physics selected for this course will 
furnish a general scientific foundation. This does not mean 
that certain concepts will not be repeated elsewhere in the 
curriculum or will not later be reinforced by particularized 
knowledge.· For example, it is assumed that concepts relative 
to the physics of light and sound will .. _be ~a-emphasized and 
knowledge extended in advanced courses in the specialties. 
It is not the purpose of this course to dwell on concepts of 
physics relating specifically to the care of equipment which 
could be better and more meaningfully be taught elsewhere in 
the curriculum. To illustrate this point, the concept of 
positive and negative pressure is a fundamental. one in physics 
Because it relates and is applied so wideiy in nursing equip-
ment, it will be selected for inclust on in the Human Ecology 
Course; the care of the Wangenstein apparatus itself, on the 
other hand, could more meaningfu~ly be- taught in clinical 
practice such as Medicine and Surgery. 
ll 
CHAPTER III 
FINDINGS OF THE ·STUDY AND INTERPRETATIONS 
Analysi a £f. !!£ Textbooks of Ph-ysics APPlied !2 Nursing 
There are only two textbooks of applied physics for 
nurses, namely, steam's Elementary Medical Physics, and 
Flitter's Introduction~ Physics for Nurses. An analysis of 
these two books wa.s made to determine what concepts were in-
eluded for nurses. 
For convenience, the concepts were divided roughly and 
somewhat arbitrarily into three c~tegories. Group One--repre-
sented on the.worksheets by a large X--consists of those con-
cepts given considerable emphasis •. Group 'l'Wo--~epresented by 
a small x on the worksheets--consis.ts of those given moderate 
emphasis. Group Thre!J-=repre sen ted by an asteri.sk (*)--in-
cludes those receiving minimal emphasis. 
The results of this analysis have been summarized on 
Table I, page 19. 
!!!·Analysis of .. the UConcepts of Physics 
as Included .in .Seven 'I'extbooks of NUrsing Arts 
.;;;;;...--. '!-' .. ~. - - - - . _,___ 
An analysis of seven nursing arts textbooks was made to 
see what concepts from physics were included. The same cate= 
gories were used as in the analysis of the two textbooks of 
12 
_. 
A 'list of the seven nursing arts textbooks can be found on 
page 4~of this study.l 
All concepts which were mentioned in the seven textbooks 
of Nursing Arts were also .treated in both Flitter's Introduc-
~ to Physi csin Nurs:l. ng and :Stearn's Elementary Medical 
Physics. Therefore, the second column was used to summarize 
all concepts checked clear across the board. 
A summary of the concepts included in these seven Nursing 
Arts texts is also fo"UD.d on Table II, page 20. 
Analysis_ of ~ Curriculum Guide for 
Schools ~ Nursing for Recommended Physical Concepts 
An analysis of the CUrriculum Guide shows that Physics is 
not given se~arate treatment as are the other nursing sciences. 
However, Physics is recommended, "to be integrated throughout 
the curriculum.n2 
-The concepts of Physics are so ~-integrated that it 
was very difficult to make an analysis of . them. The findings 
are scanty and not reliable for this reason. 
The fields of (1) forces, acceleration, momentum, Newton's 
Laws; (2) work, power, .friction, machines; (3) electricity and 
1 S'ee "Methodology," page 4. 
2 - -National League of Nursing Education, Committee on 
Curriculum, A Curriculum Guide for School.s of Nursing (New York 
193'7) p. '73.-
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magnetism; (4) illumination~ light~ and propagation; (5) sound 
waves and audiometry~ were not identified. 
In general, Physics had been so well integrated with the 
other sciences that it was difficult to identify the concepts 
of PhysiCSt per see 
A summary of those physical concept~ which could be iden-
tified is found on Table III, page 21. 
study: 2f ~ Bulletins of ~ Schools of Nursing 
Who in 1951 Were Members or Associate Members 
- - ----.. ·- - ·----- ;;;.;.;;...._ _ 
~ the Association of Collegiate Schools of NUrsing 
to Determine Wbich Schools Have a 
- --
Course in Physics APplied ~ Nursing 
A study of the Bulletins of the SChools of Nursing which 
in 1951 were members or associate members of the Association 
of Collegiate Schools of Nursing revealed that, of these 
thirty-two schools, only seven gave a separate course in 
Physics applied to Nursing.l 
One school gives Pbysi cs Integrated in Nursing Arts and 
the Bulletin of one school of nursing was not available for 
study. 
1 Chart I for list of schools~ PP• 15 and 16. 
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CHART I 
TABLE SHOWING COLlEGIATE SCHOOLS OF NURSING* 
IN REGARD TO APPLIED PHYSICS COURSE8 
Do not give a 
Name of Give a course in course in 
CoJ.lege or University APplied Physics Applied Physics 
Skidmore X 
University of Michigan X 
McHarry Medical College X 
Saint Louis University X 
University of Minnesota X 
University of Pittsburgh X 
.Si:rm:nons College X 
University of Texas X 
University of Oregon X 
University of Rochester X 
University o:f California X 
catholic Uni-versity of' 
America X 
Modified--10 hrs .. 
Emory University X 
University of Colorado X 
Wayne University X 
Washington University X 
University of washington X 
*Members or associate members of' Collegiate Schools of 
Nursing .. 
15 
CHART I (Continued) 
TABLE SHOWING COLLEGIATE SCHOOLS OF NURSING* 
IN REGARD TO APPLIED PHYSICS COURSES 
Name of 
College or University 
Wagner College 
College of St. Scbolastica 
Vanderbilt University 
Marquette University 
Montana state College 
University of Texas 
Boston University 
Cornell UDdversity--
N. Y. Hospital 
Niagara University 
syracuse University 
Adelphi 
st. Francis Xavier 
College for Women 
University of Portland 
University of Wisconsin 
College of Mt. Saint 
Joseph on the Ohio 
Give a course in 
Applied Physics 
X 
X 
Do not give a 
course in 
Applied Physics 
X 
X 
X-.SOllle in-
tegrated in N.A. 
X 
X 
X 
X 
X 
X 
X 
X 
X 
No reply--Bulletin not sent 
*Members or associate members of Collegiate Schools of Nursing 
16 
Analysis 2£ the Course Outline in !I?Plied Physics :tttom E!!.! 
Representative Collegiate Schools 2f Nursing 
A request was made of these seven colleges to submit the 
course outlines in Physicsa Replies were received :trom the 
following five colleges: 
1. Boston University, School of Nursing 
2.. Emory- University 
3. Simmons College 
4. University of Rochester 
5. University of Washington' 
A11 o:r these five colleges reported that .Stearn's textbo 
Elementarz Medical Physics, was UBed throughout the course, 
and that, in general, the course followed the content of this 
textbook. one college gave only ten hours and the rest "was 
integrated in Nursing Arts.u Two were largely summaries of 
Table of Contents of Stearn's Elementa!l Medical Physics. One 
listed broad subject .fields only .. 
The letters also revealed that in many cases Physics was 
taught by the Liberal Arts Department and Course outlines were 
not readily available .. 
Therefore, it can be seen that an analysis o.f the Course 
OUtlines o.f representative Collegiate Schools of NUrsing re-
vealed no new or pertinent information. Course outlines were 
either "unavailable," "non-existent," or "inadequate" .for the 
purposes of this study, or mere repetitions of the content of 
Stearn's Textbook. 
\ 
The tabulation for the school is found in the first col-
umn. As ·it was largely a duplication of Stearn's ~extbook, it 
was discarded for the purpose of this study. 
Analysis of ~ HUman Ecolosr Course to Determine What, If 
Any, 2! the Concepts Have Already ~ Included 
An analysis of the proposed "Human Ecology Course" re-
vealed the following facts: 
1. The topics and problem areas have been determined. 
2. The sub-problems in many areas have been determined. 
3. The details of the concepts to be included in each 
problem ~ have not yet been completed. 
It could be seen that certain broad subject areas have 
been included however. These areas are enumerated on Table IV, 
page 22. 
Criteria for Selection 
The following criteria were accepted as a basis for se-
lection of significant physical concepts: 
1. Given major (numerical) emphasis in the 
Nursing Arts and Physics texts. 
2. Logical relationship to problem area. 
3. Functionally applicable. 
On the basis of tlie'.SJe~criteria, selection and placement 
of the concepts of physics was made, i.e., 
1. Those con.cepts which should be taught in the 
Human Ecology Course. 
2. Those which should be taught elsewhere in the 
Nursing Curriculum. 
3. Those concepts which fail to meet these criteria. 
18 
TABLE I 
CONCEPTS GIVEN MAJOR OR MODERATE EMPHASIS 
IN BOTH PHYSICS TEXTS 
1. Nature of measurements: 
a. Kinds of measurements 
b. Standard of measurement 
c. Units of mass and weight 
d. Metric system of measurements 
2. Forces, acceleration, momentum, gravity: 
a. Scalar and vector Quanti ties 
b. Resultant of forces 
c. Center of gravity, equilibrium, stab111 ty 
d. Law of inertia 
e. Law of momentum 
f. Forces of grav1 tatlon 
g. Acceleration 
h. Centrifugal force 
1. Torque 
3. Work, power, friction, efficiency, and machines: 
a. Definition of work . 
b. Friction 
c. Simple machines--pulley, levers, inclined plane, screw, 
and mechanical adv~age 
~ d •. -~ Energy--nature, kinds, transformation 
Pressure of liquids: 
a. HYdrostatic paradox 
b. Pascal's Principle 
c. Density 
d. Archimedes' Principle and Buoyancy 
e. specific gravity 
f. Application of hydrostatic paradox to the administration 
~. of enemata, irrigation, elysis, infusions 
g •. 'totion of fluids--viscosity 
h. ·Bernoulli effect and application to Nebulizer 
Molecular theory of_matter: 
a. Molecular forces--surface tension 
b. Capillarity 
c. Strain and stress (Hooke's Law) 
d. Brownian Movement 
e. osmosis, diffusion, dialysis 
r. cohesion and adhesion 
g. Tensile strength 
h. Isotonic, hypertonic and hypotonic solutions 
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TABLE II 
CONCEPTS GIVEN MAJOR, MODERATE, OR MINIMAL EMPHASIS 
IN SEVEN NURSING ARTS TEXTBOOKS 
2. Forces, acceleration, momentum, gravity: 
f. Forces of gravitation 
5. work, power, friction, efficiency and machines: 
b. Friction 
4. Pressure of liquids: 
a. HYdrostatic paradox 
b. Pascal's Principle 
g. Motion of fluids--viscosity 
5. Molecular theory of matter: 
e. osmosis, diffusion, dialysis 
h. Isotonic, hypertonic, and hypotonic solutions 
TABLE III 
CONCEPTS GIVEN SOME EMPHASIS IN 
"A CURRICULUM GUIDE FOR SCHOOLS OF NURSING" 
1. Nature of measurements: 
d. Metric system of measurements 
4. Pressure of liquids: 
a. HYdrostatic paradox 
c. Density 
e. Specific gravity 
f. APplication of hydrostatic paradox to the administration 
of enemata~ irrigation, c~ysis~ infusions 
5. Molecular theory of matter: 
a. Molecular forces--surface tension 
e. osmosis, diffusion, dialysis 
h. Isotonic, hypertonic and hypotonic solutions 
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TABLE IV 
CONCEPTS WHICH COULD BE IDENTIFIED AS ALREADY INCLUDED 
IN THE HUMAN ECOLOGY COURSE 
1. Nature of measurements: 
d. Metric system of measurements 
3.. Work, power, friction, e.t'f'iciency, and machines: 
d. Energy--nature, kinds, transformation 
4. Pressure of' Liquids--"Principles of' Liquids" 
5. Molecular theory of matter: 
ee osmosis, diffusion, and dialysis 
h. Isotonic, hypertonic and hypotonic solutions 
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TABLE V 
CONCEPTS SUGGESTED FOR PLACEMENT 
IN THE HUMAN ECOLOGY COURSE 
1. Nature o£ measurements: 
a. Kinds of mea.surements 
b. standard o£ measurement 
c. Units o£ mass and weight 
2. Forces, acceleration, momentum, gravity: 
c. Center o£ gravity, equilibrium, stability 
3. Work, power, friction, e:fficiency, and machines: 
a. Definition of work 
b. Friction 
4~ Pressure of liquids: 
c. Density 
e. Specifi_.c gravity 
g. Motion of fluids--viscosity 
5. Mol.ecul.ar theory of matter: 
a.. Molecul.ar forces--surface tension 
b. Capill.ari ty 
c. strain and stress (Hooke's Law) 
d. Brownian Movement 
t~ Cohesion and adhesion 
g. Tensile strength 
25 
Placement 
Unit I 
Metric System 
Unit II 
Bone, muscle, joint, relations 
Unit II 
Bone, muscle, joint, relations 
Unit I 
Principl.es of 
Liquids & Gases 
Unit I 
Units I and IV 
Unit II --Joints 
Unit I 
Unit I 
Unit I 
TABLE VI 
CONCEPTS SUGGESTED FOR PLACEMENT ELSEWHERE 
IN THE NURSING CURRICULUM 
2. Forces, acceleration, momentum, gravity: 
b. Resultant o~ ~orces 
d. Law o~ inertia 
e. Law of momentum 
~. Forces o~ gravitation 
g. Acceleration 
h. Centri~ugal ~orce 
i. Torque 
3. Work, power, ~riction, e~~iciency, and machines: 
c. Simple machines--pulley, levers, inclined plane, 
screw and mechanical advantage 
4. Pressure o~ liquids: 
5. 
a. Hydrostatic paradox 
b. Pascal 1 s Principle 
d. Archimedes' Principle and Buoyancy 
f. Application of hydrostatic paradox to the adminis-
tration of enemata, irrigation, clysis, i~usions 
h. Bernoulli e~~ect and application to Nebulizer 
Possible Placement, 
Either Nursing Arts, 
Body Mechanics, or 
orthopedic NUrsing 
SUrgical Nursing or 
orthopedic Nursing 
Nursing Arts 
or 
Medical Nursing 
TABLE VII 
CONCEPTS WHICH FAIL TO MEET THE CRITERION FOR SELECTION 
IN EITHER THE HUM.AN ECOLOGY COURSE 
OR ELSEWHERE IN THE, NURSING CURRICULUM 
1. Nature of measurements: 
e. Significant figures 
£. Precision instruments 
2. Forces, acceleration, momentum, gravity: 
a. Scalar and vector Quantities 
j. Centripetal Force 
4. Pressure of liquids: 
i. Hydraulic press 
5. 
~ 
' / '-~./ 
6. Gas Laws--Pressure of gases: 
a. Air Pressure 
b. Boyle ' s Law 
c. Charles f Law 
d.. Siphonage 
e. APPlication of siphonage 
7. Heat, heat exchange, conduction, thermometry, and expansion: 
a. Expansion of gases 
b •. Measurement of quantity of heat 
c. Calorimetry 
d. Energy requirements 
e. Heat transfer--conduction, insulation, convection, 
radiation, and evaporation 
f. APplication of heat transfer 
g. Heat withdrawal, application of cold 
h. Types of thermometers 
i.. Linear expansion 
j. sources of heat 
k. Expansion of water and other liquids 
1. Expansion of gases 
m.. Specific heat 
n. Heat of combustion 
o. Metabolism and energy requirements 
p. Changes of state and vaporization 
\ 
8. Electri'city and magnetism: 
a. Effect of like and unl:ike charges 
b. Electro-static phenomena 
c. Conductors and nonconductors 
d. Unit charges of electricity 
e. Electrostatic induction 
f. Magnetic poles 
g. Effects and uses of electrical currents 
h. Electro-medical apparatus , 
i. Electric fields and potentials 
j. Nature and flow of electrons in a current 
k. Current and potentials 
1. Ohm's Law and resistance 
m. Chemical effect of electrical currents 
n. Measurement of electricalpower 
o. Electric lighting 
p. Electric arc 
9. Light~~Illumination and Propagation: 
a. Refraction 
b. Lenses--purposes 
c. converging and div~rging lenses 
d. Focal length vot lenses 
e. Ultra-viole~and infra-red light 
f. Cylindri cal· 1 ens e s 
g. spectra formation 
h. Measurement of wave' length 
i. Measurement of illumination--natural and artificial 
j. Plane and concave mirrors 
k. HUman eye--refractory meehani am, lens mechani am 
1. Vision deformities and correction 
m. Diffraction, polarization, interference 
6. Gas Laws--Pressure of gases: 
a. Air pressure 
d. Siphonage 
e. Application of siphonage 
../ 
7. Heat, heat exchange, conduction, thermometry and expansion: 
b. Measurement of the quantity of heat 
c. Calorimetry 
d. 
f. Application of heat transfer 
g. Heat withdrawal, application of cold, refrigeration 
h. Types of thermometers 
m. specific heat 
• j 
p. Changes of state and vaporization 
a. Electricity and magnetism: 
c. Conductors and nonconductors 
9. Light--Illumination and Propagation 
i. Measurement of illumination--natural and artificial 
Color--use of 
6. Gas Laws--Pressure of gases: 
b. Boyle's ~aw 
c. Charles r Law 
d. Siphonage 
e. Application of siphonage 
7. Heat, heat exchange, conduction, thermometry and expansion: 
b. Measurement of quantity of heat 
g9 Heat withdrawal, application of cold 
·, 
I 
I 
''<l 
I 
I 
·: I 
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• 
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6. Gas Laws--Pressure of gases: 
7. He~t, heat exchange 6 conduction, thermometry, and expansion: 
b. Measurement of quantity of heat 
B. 
d. Energy requirements 
k. EXpansion of water and other liquids 
1. Expansion of gases 
m. Specific beat 
o. Metabolism and energy requirements 
9. Light--Illumination and Propagation: "Physics of Light" 
g. apectra formation--nature of color 
k. Human eye--refractory mechanism, lens mechanism 
1. Vision deformities and correction 
'l 
6. 
7. 
Gas Laws--Pressure of gases: 
a. Air Pressure 
b. Boyle's Law 
c. Charles ' Law 
d. Siphonage 
Heat, heat exchange, conduction, thermometry, expansion: 
a. Expansion of' gases 
e. Heat transfer--conduction, insulation, convection, 
radiation, evaporation 
n. Heat of' combustion 
8. Electricity and magnetism: 
j. Nature and flow of' electrons in a current 
m. Chemical effect of' electrical currents 
o. Electric lighting 
9. Light--Illumination and Propagation: 
a. Refraction 
b. Lenses--purposes 
c. Converging and d1 verging lenses 
d. Focal length of lenses 
e. Ult~a-violet and infra-red light 
f'. Cylindrical lenses 
h. Measurement of wave length 
i. Measurement of illumination--natural, artificial 
j. Plane and concave mirrors 
m. Diffraction, polarization, interfere.nce 
Unit I 
Principles of' 
, ~i.q_ui.ds & Gtises 
Unit IV--Heart .J 
Unit I 
Principles of 
Liquids & Gases 
Unit V 
Metabolism 
Unit I 
Molecular 
structure 
Unit I 
Chemical Changes 
Unit III 
Physics of' Light 
Unit III 
Physics of Light 
6. Gas Laws--Pressure of Gases 
e. Application of siphonage 
Nursing Arts, Medi-
cal Nursing, T. B., 
Thoracic Surgery, 
Urological Nursing 
7. Heat, heat exchange, conduction, thermometry, and expansion: 
c. Calorimetry 
f. APPlication of heat transfer ~ 
g. Heat withdrawal and application of cold 
h. Types of thermometers 
j •. sources of heat 
m. speciffic heat 
P• Changes of state and vaporization 
8. Electricity and magnetism: 
a. Effect of like and unlike charges 
b. Electro-static phenomena 
c. Conductors and non-conductors 
d. Unit charges of electricity 
e. Electrostatic induction 
h. Electro-medical apparatus 
i. Electric fields and potentials 
k. Current and potentials 
1. Ohm's Law and resistance 
p. Electric arc 
9. Light--Illumination and Propagation: 
Nutrition 
Nursing Arts 
or 
Medical Nursing 
Operating Room, 
Delivery Room, or 
Emergency Room 
Surgical Nursing 
Operating Room, 
Delivery Room, or 
Emergency Room 
Re-emphasis in 
Eye Nursing 
6. 
7. Heat, heat exchange, conduction, thermometry, and expansion: 
i. Linear expansion 
q. Reciprocal steam engine, melting points, regelation, vapor 
pressure, sublimation 
8. Electricity and magnetism: 
f. Magnetic Poles 
n. Measurement of electrical power 
p. Electric arc, whetstone bridge, resistance in parallel series 
9. 
1 
~\ e·! 
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10.. sound waves and audiometry: 
a. Wave length, velocl ty, frequency, amplitude, and intensity 
b. Speed of sound 
c. Longitudinal and transverse waves 
d. Conduction of sound, pitch, loudness, resonance 
e. Measurement of bel and decibel 
f. Ear--structure, conducting mechanism, hearing defects, 
hearing aids. 
11. Radioactivity and x-rays: 
a. Coolidge Tube, production of x-ray, and use 
b. History and nature of radium 
c. Radium waves 
d. History and nature of x-ray 
e. Measurement of radiation 
f. Fluorescence and fluoroscopy 
. .. ' 
10. 
10. Sound waves and audiometry: 
I" Re-emphasis in 
E§r NUrsing 
10. Sound waves and audiometry: 
a. Wave length, velocity, £requency, amplitude, intensity 
b. Speed o£ sound Unit III 
c. Longitudinal and transverse waves Physics o£ Sound 
d. Conduction o£ sound, pitch, loudness, resonance 
e. Measurement o£ bel and decibel 
11. Radioactivity and x=rays: 
a. Coolidge Tube, production o£ x-ray, and use 
b. History and nature of radium Unit I--Atom 
c. Radium waves or 
d. History and nature o£ x-ray Unit IV--Cancer 
e. Measurement of radiation 
f. Fluorescence and fluoroscopy 
10. so~ waves and audiometry: 
de Conduction o~ sound, pitch, loudness, resonance, acoustics, 
relation o~ sound to fatigue 
/ 
10. sound waves and audiometry: "Physics of soundtt 
f. Ear--structure, conducting mechanism, hearing defects, 
hearing aids 
11. Radioactivity and x-rays: 
a. coolidge TUbe, production of x-ray, and use 
b. History and nature of radium 
g. Artificial transm~tations, fission, and fusion 
Summary 
This study is part of the research into the 
development of the Human Ecology course at Boston 
University School of Nursing. 
Originally it was planned to study the course 
outlines in physics in other approved collegiate schools of 
nursing to determine which concepts were considered desir-
able by others, and of these which could be most meaning-
fully placed in this integrated science course for students 
of nursing. However, it was discovered that the original 
plan would have to be changed. Of the thirty-two members 
or associate members of the Association of American Colleg 
ate Schools of Nursing,l only seven gave a course in 
physics applied to nursing. Of these seven courses, only 
five were available for study. A further analysis of the 
courses and outlines revealed that all five schools of 
nursing were using the same text, namely Stearns' Medical 
Phzsics,2 and that the outlines were largely a duplication 
of the content of this text. As most of the schools were, 
1 e of Nursing Education -- List of Members 
National Lea~t Members of the Association of Collegiate and Assoc~a e 
Schools of Nursing 1951-1952. 
2stearns, Howard. Elementary Medical Physics. New York: 
The Macmillan Company. 
. ,. 
using only the one text, this resulted in only one so11 rce o:f re:ference 
rather than the broad approach possible when different instructors 
have developed their own courses. 
The data were further limited because study revealed only 
two available texts in physics for nurses. They were Stearns' Medical 
Physics and Flitter's Introduction to Physics for Nurses. 3 
The Curriculum Guide was analyzed to determine what concepts 
of physics could be identified, The Curriculum Guide for Schools of 
Nursing4 yeilded some valuable material, but it was not specific or 
detailed in many areas. 
Seven Nursing Arts textbooks were analyzed to see what 
concepts of physics could be identified. No attempt was made to study 
advanced texts in nursing. 
The concepts identified were grouped under eleven major 
areas. 
Critearia were established to aid in the selection of the 
concepts deemed desirable for students of nursing. 
was 
The Human Ecology course, as presented in its broad outline, 
studied next in order to determine where inclusion of some of these 
t ·r physics had already been incorporated. concep s o · As only the 
. . ilable many of the concepts of physics were broad outl~na was ava ' only 
ver,y generally indicated. 
3Flitter, Hessel. An Introduction to Physics in Nursing. 
c. V.. Mosby Company • 
St. Louis: 
4National League of Nursing Education. 
of Nursing. New York, 1937 • 
A Curriculum Guide for Schools 
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On the basis of these data, certain concepts of physics were 
recommended for inclusion in the Human Ecology course. Some indication 
was given as to the placement of these desirable concepts into the 
Human Ecology course and into other courses. Certain concepts were 
isolated as of less significance and were not recommended for inclusion 
in the curriculum of the school of nursing. 
26 
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Conclusions 
The following conclusions can be made: 
1. A total of one hundred and one concepts, 
from eleven areas in physics, were 
identified. Of these one hundred and one 
concepts, ninety-one were selected as 
significant in nursing on the basis of 
the following criteria: 
a. given major (numerical) emphasis in 
b. 
c. 
the nursing arts and physics 
textbooks. 
logical relationship to the problem 
areas in the Human Ecology course. 
functionally applicable to nursing. 
2. Of these one hundred and one concepts, 
sixty were recommended for placement in 
the Human Ecology course because of their 
logical relationship. Fourteen concepts 
of these sixty were identified as already 
included in the Human Ecology course. It 
was recognized that other concepts of 
physics were implied, but the broad 
outline available did not lend itself to 
isolation of specific concepts. 
..:i.:.. 
~
3. 
4. 
Thirty-one concepts were recommended as 
most meaningfully taught elsewhere in the 
curriculum than the Human Ecology course. 
Ten concepts failed to meet the criteria 
for inclusion in the nursing curriculum. 
5. The physics of equipment was recommended 
for inclusion in the nursing arts rather 
than the Human Ecology course. 
6. Of the few approved collegiate schools of 
nursing giving courses in physics for 
nurses, the content was in practically 
all cases a duplication of the content 
from Stearns' Elementary Physics • 
. '"'~2· - "'-. 27, 
Recommendations 
1. It is recommended that Boston University School of Nursing 
give consideration in its curriculum evaluation and reconstruction to the 
inclusion of the ninty-one concepts of physics isolated as significant 
in nursing, and grouped under the following eleven major areas in physics: 
a. nature of measurement. 
b. 'forces, acceleration, momentum and gravity. 
c. work, power, friction, efficiency and Jn"!Chines. 
d. (pressure of liquids. 
e. molecular theory of matter. 
f. pressure of gases and gas laws. 
g. heat, heat conduction, exchange, expansion. 
h. electricity and magnetism. 
i. propagation 'lnd illumination of light. 
j • physics of sound and audimetry. 
k. radioactivity and x-rays. 
2. It is recommended that the sixty-concepts of physics isolate~ 
as significant in :the~ H~n·' Eco18gft:a6ur~e"be <stuoieu'.::f6r ihcl-~sion ·in· 
\.._ 
t~~-
3. It .i._~recommended that the thirty-one additional concepts 
recommended for inclusion elsewhere in the nursing curriculum be evaluated 
~ . 
"· for inclusion and placement j.n the nursing curriculum. 
4. It is recommended that the validation of these concepts be 
- . e \ .. 
made as the courses are developed, ·~ried out, and reconstructed. 
5. It is further recommended that the concepts of physics 
/ \ 
recommended for inclusion in the Human (Ecology course'-'be strengthened by 
\ 
··-..., 
/; 
\ 
\ 
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' 
emphasis in advanced courses wherever applicable, such as in diseases 
effecting the eyes and ears. 
e 
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.APPENDIX 
WORK SHEETS SHOWING ANALYSIS OF UNIVERSITIES 
AND OF TEXTBOOKS 
Concepts 
Nature of Measurement 
a. Xinds o£ measurement 
b. Standards o£ measure-
menta 
c. Units of Mass and weight 
d. Significant figures 
e. Precision instpuments 
f. Metric system o£ 
measurements 
Forces, Acceleration, 
Momentum, Gravity 
a. Scalar and Vector 
Quantity 
b. Resultant of forces 
c. Center of gravity, equi-
l.ibrium, stability. 
d. Law of Inertia 
e. Momentum 
lKey to Universities' Sources 
1. Boston University 
2. Emory University 
3. Simmons College 
4. University of Rochester 
5. University of Washington 
6. N. L. N. E. curriculum 
Guide 
Sourcesl sources2 
123456 1 2 3 4 5 6 7 8 9 
xxxx XX 
X XX XX 
xxxx X 
* ** 
-*X 
X XX *X 
X XX X XX 
xxxx XX 
xxxx XX 
X XX XXXXxxX 
xxxx XX 
xxxx XX 
2Key ~ Textbooks' sources 
1. Flitter, Introduction to 
Physics in NUrsing 
2. Stearn, Elementary Medical. 
Physics 
3. Harmer and Henderson, 
Principles and Practices 
X 
X 
* 
X 
4. McClain, Scientific Principles 
in Nursing 
5. Montag and Filson, Nursing Arts 
6. Rothewe11ler, and White, Art 
and Science of Nursing 
7. Smith, Principles of Nursing 
Care 
8. Tracy, Nursing and Art and a 
Science 
9. Wolf, Nursi-ng 
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Concepts Sources sources 
1 2 3 4 5 6 1 2 3 4 5 6 7 8 9 
e £. Acceleration xxxx xx g. Forces o£ gravitation xxxx xxxxx XX *X 
h. Centrifugal force X X XX X 
I 
I 
i. Centripetal force * * ** * j. Torque X .X XX 
Work, Power, Friction, 
Ef.ficieney, and Machines 
a. Definition of work xxxx XX 
b. Energy--nature, kinds, 
transformation, units 
o£ measurements, joUles 
horsepower xxxx XXX ** X 
c. Friction xxxx XXxXxXX*X 
d. Simple Machines: 
1. Levers xxxx xx X 
2. Inclined plane xxxx XX 
3. Screw *XXX XX 
4. pUlley xxxx XX 
5. Wheel and axle *X*X< ** 6. Mechanical advantage xxxx XX 
Pressure of Liquids 
a. Hydrostatic paradox xxxx X XXXXXXX*X 
b. Pascal's Principle X X XXXXXXX*X 
c. Pressure Gauges 
* 
?f. * ******* d. Hydraulic Press * ** ** * e. Density X XX X XX*X X 
:r. Archimedes• Principle 
and Buoyancy XX XX X X * 
g. Specific Gravity XX X xxxxxxx * 
h. APPlication of hydro-
static paradox to ad-
ministration, enemata, 
irrigations, clysis, 
infusions xxxx X xxxxxxx X 
i. Motion of fluids 
1. Viscosity X XX XX *XX *X *x 
2. Bernoulli effect 
and application to 
Nebulizer xxxx XX X X X 
e Molecular Theory of Matter 
a. Atomic and molecular 
theory * XX X* b. Brownian Movement 
* 
XX XX 
I 
-- -··~ 
Concepts 
c. Movement of fluids--
osmosis, diffusio~ 
dialysis 
d. Molecular forces--
surface tension 
e. Cohesion and adhesion 
£. Capillarity 
g. Tensile strength 
h. Strain and Stress 
(Hooke's Law) 
i. Absorption 
j • Adsorption 
k. Hypotonic, isotonic$ 
pypertonic solutions 
Gas Laws--Pressure of Gases 
a. Air Pressure 
b. Boyle's Law 
c. Charles t Law 
d. Siphonage 
e. Application of si];honage 
Heat, Heat Exchange, Conduc= 
tion, Thermometry, Expansion 
a. TYPes of Thermometers 
b. Idnear expansion 
c. sources of heat 
d. EXpansion of water 
e. Expansion of other 
liquids 
f. Expansion of gases 
g. Measurement of 
.. , quantity of heat 
1. Calorimetry 
2. Heat capacity 
3. Specific heat 
4. Heat of combustion 
5. .Metabolism 
6. Energy requirements 
h. Reciprocal steam engine 
t. Heat transfer· 
1. Conduction 
2. Insulation 
3. Convection 
4. Radiation 
5. Evaporation· 
6. Applications 
? • . I;I~~~, 'f*~~~~~w~~ ~n 1 n 
Sources 
l. 2 3 4 5 6 
* XX X 
* XX X 
X XX 
X XX 
* XX 
X 
* ** X 
* * ~f- X 
* x 
xxxx 
xxxx 
xxxx 
xxxx 
xxxx 
X XX 
X XX 
X XX 
* XX 
X XX 
X XX 
X XX 
X XX 
xxxx 
xxxx 
X XX 
X XX 
xxxx 
* ** 
xxxx 
xxxx 
xxxx 
xxxx 
xxxx 
X XX 
xxxx 
X 
X 
X 
X 
X 
X 
Sources 
1 2 3 4 5 6 7 8 9 
XX*X**X*X 
XX 
XX 
XX 
XX 
XX 
** X 
** X 
* *X 
*X * 
* 
XX**XX*if-* 
XXXXX*XXX 
XX X* X 
XX X* X 
xxxxxxxxx 
xxxxxxxxx 
XXXX***X* 
XXX*** ** 
XXX*** ** 
XX 
* 
XX * 
xxxx 
XXXXXXX*X 
xxxxxXX*X 
XXX XXX X 
xxxxxxxxx 
XXXXX* XX 
XXX XXX X 
XXX XX 
.* 
XXXXXxX X 
XXXXXxX X 
XXXXXxX X 
XXXXXxX X 
XXXXXxX X 
XXXXxXX*X 
XXxXxxX-*X 
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Concepts sources 
1234;56 
j. Changes of state--fusion x 
1. Meltin~ point * 
2. Vaporization x 
3. Regelation x 
4. Vapor pressure * 
5. Depression of freez-
ing point x 
6 •. sublimation * 
?. Dtstillation * 
8. HUmidity X 
9. Air conditioning * 
10. Refrigeration * 
11. weather, climate, 
health * 
Electricity and Magnetism 
a. Effect of like and 
unlike charges X 
b. Electrostatic phenomena X 
c. Conductors and non-
conductors X 
d. Unit charges of 
electricity X 
e. Electric fields aDd 
p,otentials X 
f. Electrostatic induction X 
g. Magnetic poles x 
h~ Temporary and permanent 
magnets * 
i. Nature and flow of elec~ 
trona in a current x 
j. Currents and potentials X 
k. Ohm's Law and 
resistance X 
1. Wheatstone B~dge * 
m. Resistance in parallel 
series X 
n. Effects and uses of 
electrical currents * 
o. Chemical effect of 
electrical currents x 
p. Electro-medical 
apparatus x 
q. Measurement of elec-
trical power x 
P. Electric lighting * 
XX 
** XX 
XX 
** 
XX 
** 
** XX 
XX 
XX 
* * 
XX 
XX 
XX 
XX 
XX 
XX 
XX 
** 
XX 
XX 
XX 
** 
XX 
XX 
XX 
XX 
XX 
XX 
------
Sources 
1 2 3 4 5 6 7 8 9 
XX*X****X 
** ** * XXXX'*XX * 
*X 
***** 
*X X 
** 
X 
** 
*XXX*XX-* 
* 
*XX XXX*X 
*XX XXX*X 
*X***** X 
XX 
XX 
XX 
XX X 
XX 
XX 
** 
xx 
XX 
xx 
** 
*X 
XX * 
XX X 
XXXXX*** 
XX 
XX* 
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Concepts s·ources Sources 
--
123456 1 2 3 4 5 6 '1 8 9 
e s. Ele.ctric arc ** *X t. M~rcury vapor lamp * XX xx 
Light, Illumination, Prop a-
gat ion 
a. Ref'rae ti on X XX XX X X 
b. Lenses--purpose X XX XX 
e. Converging·and 
Diverging Lenses X. XX XX 
d .. Index of' retraction X XX X X 
e. Cylindrical lenses 
* 
XX xx 
f'. Focal length X XX XX 
g. Diopter 
** ** h. Aberration, spherical 
and chromatic 
** * * i. Astigmatism 
* 
XX XX 
j. optical instruments 
* 1. compound microscope 
* 
XX ~~ X 
2. Numerical aperture 
* * * 3. Magnifying power XX X 
4. Dark field illumina-
tion 
* k. sPeed of' lens ?r 
** * 1. Camera and projection 
lanterns XX X 
m .. spectra 
1. Formation * XX XX * * 2. Types XX X 
* * 3• Ul:Cra-violet and 
infra-red X X X XX 
* * * 4. Measurement of' 
wave length 
* 
X X X X 
n n. Color 
1. Temperature 
* 
* * 
* * 2. Pigments 
* * * * 3. Use of' 
* ** ** ** **** * o. Speed of' light X XX *X 
p. Measurement of' illumi-
nation X XX XX XXX *X*X 
q. Application of' natural 
and·artif'icial 
e illumination X XX XXX XX*X ,f- X r. Plane and concave 
mirrors X XX XX 
1. Real and virtual 
images X XX *X 
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Concepts Sources Sources 
1 2 3 4 5 6 1 2 3 4 5 6 7 8 9 
I e s. HUman Eye 1. structure 
* 
XX XX 
* 2. Refractory mechanism X XX XX 
* 3. Lens mechanism X XX X X 
* 4. Vision deformities 
and correction X X X X X 
* t. Dif'f'raction, polariza-
tion and interference 
* 
X X XX 
Sound Waves and Audiometry 
a. Simple Harmonie action X X X *X 
* b. Longitudinal and trans-
verse waves 
* 
X X XX 
* * c. wave length, velocity, 
frequency, amplitude, 
and intensity xxxx XX * ··: 
* '* d. Speed of sound xxxx XX X X X 
e. Conduction of sound X X X X X X X X 
f. Differences between 
sound and noise 
* * 
?.t. 
* * * 
* * 
g. Pitch--loudness 
* 
XX XX 
* * 
** * *X 
h. Resonance * XX XX 
* * 
X 
i. Acoustics 
* 
X X *X * ?r * *X *X j. Measurement of' sound and 
bel and decibel X X X XX X X X 
k. Relation of sound to 
f'atigue 
* * * ***** * 
X *X 
1. The ear 
1. .Structure 
* * * 
XX X 
2. Conducting mechanism 
* 
XX XX X 
3v Hearing defects 
* 
XX XX .:>* 
4 • .Audiometers 
** 
** * ·* 
5. Hearing aids * XX XX 
* * .. 
Radioactivity and X-Rays 
a. History of' radium--
nature 
* 
X X XX X *X 
b. Radium waves 
* 
X X X XX X *X 
c. Artificial radioactivity * X X *X 
* and radioactive isotopes 
d. Artificial transmutations . 
-
fission, synthesis 
* 
XX X *X 
* e. History and nature of' 
X-Ray 
* 
XX X xx * 
* * 
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Concepts Sources Sources 
1 2 3 4 5 6 1 2 3 4 5 6 '7 8 9 
r. Coolidge tube, produc-
tion of x=ray and 
use 
* 
X X· X X X ?E-
* * 
g. Measurement of radia-
tion XX XXX 
h. Fluorescence and Fluor-
oscopy XX XX* 
**** 
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FREQUENCY TABULATION OF CONCEPTS FOUND IN TEXTBOOKS 
e Forces, Acceleration, Momentum, Gravity 
.1L X * - -
Forces of Gravitation 2 6 ]. 
Center of Gravity, Equil.ibrium, stability 6 2 
Resultant of Forces 2 ]. 
Centrifugal Force 2 l 
Centripetal Force 3 
Torque 2 
Scalar and vector Quantities 2 
Law of Inertia 2 
Momentum 2 
Acceleration 1 l 
~ Power, Friction, Efficiency, Machines 
X X 
* - - -
Friction 6 2 l I 
Energy--Nature, kinds, transformation, 
Units of Measurements, J"oul.es, Horsepower l 3 2 
Simple Machines--Levers 2 l 
Definition of work 2 
Pulley 2 
e Inclined Plane 
2 
Screw 2 
Mechanical Advantage 2 
Wheel and axle 2 
HYdrostatic Paradox 
Pascal's Principle 
Pressure of Liquids 
Motion of flUids (viscosity) 
Applications of EY"drostatic Paradox 
Specific Gravity 
Pressure Gauges 
Adsorption 
.Absorption 
Density 
Benoulli Effect: ~plication te Nebulizers 
Archimedes' Principle and Buoyancy 
X 
8 
.,., 
2 
8 
4 
3 
3 
2 
X 
1 
4 
3 
0 
2 
2 
1 
2 
2 
1 
1 
3 
]. 
.,., 
4 
4 
1 
1 
Hydraulic Press 3 
Molecular Theory of Matter and Movement of Molecules 
X X * 
Movement of Fluids--osmosis, diffusion, dialysis 2 
Hypotonic, Isotonic, HYPertonic Solution 
Capillarity 5 
Molecular Forces, Surface Tension 5 
Cohesion and Adhesion 3 
Absorption and Adsorption 
Tensile .strength 
Stress and strain (Hooke's Law) 2 
Atomic and Molecular Theory 
Brownian Movement 
3 
4 
l. 
2 
2 
2 
2 
2 
4 
5 
2 
2 
2 
4 
2 
1 
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Gas Laws--Pressure o£ Gases 
--
Items occurring Nine Times l X * 
Siphonage Principles and Its Application 9 
Air Pressure 2 6 1 
Boyle ' s Law 2 2 1 
Charles' Law 2 2 1 
Heat, Heat EXchange, Conduction, Thermometry, EXpansion 
Heat Calorimetry 
Applications o£ Heat .rrrans£er 
Measurement o£ Quantity o£ Heat 
Application o£ Cold (Heat Withdrawal) 
Re.frigeration 
Speci£ic Heat 
Types o.f Thermometers 
Change o.f State (Fusion) 
Application o.f Heat Loss and Gain 
Conduction o.f Heat 
Insulation 
Convection 
Radiation 
EVaporation 
Vaporization 
Air Conditioning 
X X * 
'l 
'l 
8 
5 
2 
'l 
'l 
'l 
'l 
'l 
'l 
1 
1 
1 
1 
3 
5 
9 
5 
4 
1 
5 
5 
1 
1 
1 
1 
2 
4 
5 
1 
1 
1 
1 
1 
1 
2 
2 
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43 
Heat, ~ Exchange, Conduction, Thermometr:z, Expansion 
(Continued) 
X .X 
* 
-
-
Humidity 1 4 3 
Heat o£ Combustion 7 1 
~inear EXpansion 3 5 
Sources o£ Heat 3 5 
weather, Climate, and Health 2 6 
Ex.p.ansi on o£ Gases 4 1 2 
Expansion o:f Water 3 4 
Expansion o:f Other Liquids 1 2 4 
Heat Capacity 7 
Metabolism 7 
Vapor Pressure '7 
Energy Requirements 2 3 
Depression o:f Freezing Point 3 2 
Melting Point 5 
Regelation 1 1 
SUblimation 2 
Distillation 2 
Reciprocal Engine 1 
Electricity ~ Magnetism 
Conductors and Non-Conductors 
Electro-medical apparatus 
Effects and trses of Electric Currents 
Electric Fields and Potential 
Chemical Effects of Electrical Currents 
Electric Lighting 
Effect of Like and Unlike Charges 
Electrostatic Induction 
Unit Charge of Electricity 
Electrostatic Phenomena 
Magnetic Poles 
Currents and Potential 
Nature and Flow of Electrons in a Current 
Mercury Vapor Lamp 
Ohm's Law and Resistance 
Resistance in Parallel Series 
Measurement of Electrical Power 
Electric· arc 
Temporary and Permanent Magnets 
Wheatstone Bridge 
X X 
.......... 
4 1 
3 2 
2 
1 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
2 
3 
2 
1 
l 
1 
1 
2 
1 
* 
4 
3 
1 
l 
1 
2 
2 
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Light, Illumination, Propagation 
_lL X * 
Measurement of Illumination 
Application of Natural and .Artificial Illumination 
Use of Color 
Ultra-violet and Infra=red 
Refraction of Light 
Spectra Formation and Type 
Vision Deformities and Correction 
Human Eye Structure 
Ref'ractory Mechanism. of Eye 
Lens Mechanism of Eye 
Types of' SPectra 
Color Temperature and Pigments 
Purposes of Lenses 
Converging and Diverging Lenses 
Focal Length of Lenses 
Index of Refraction 
Cylindrical ~enses 
Astigmatism 
Plane and Concave Mirrors 
Diffraction, Polarization, and Interference 
Real and Virtual Images 
Compound Microscope 
,Speed of Light 
Magnifying Power 
Diopter 
2 
2 
2 
2 
2 
1 
1 
7 
7 
5 
2 
2 
2 
2 
2 
2 
1 
1 
1 
2 
2 
2 
1 
1 
l. 
2 
2 
2 
9 
2 
1 
1 
1 
1 
2 
5 
1 
1 
1 
2 
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• 
Lignt, Illumination, Propagation (Continued) 
X .x * 
Aberration--SPherical and Chromatic 2 
Camera and Projection Lanterns 
Speed o:f Lens 
Dark Field Illumination 
NUmerical Aperture 
Optical Instruments 
Measurement o:f Wave and Length 
Pitch--Loudness 
Acoustics 
Sound Waves ~Audiometry 
Relation of Sound to Fat~gue 
Wave Length, Velocity; Frequency, 
Amplitude and Intensity 
Speed o:f sound 
Conduction o:f sound 
Measurement o:f sound=-Bel and Decibel 
Resonance 
Difference between Sound and Noise 
Hearing Aids 
Longitudinal and Transverse Waves 
Audiometers 
structure o:f Ear 
Conducting :Mechanism o:f Ear 
Hearing Defects 
Simple Harmon! c Action 
X 
2 
2 
1 
2 
.X 
3 
3 
2 
3 
5 
5 
3 
2 
2 
3 
3 
2 
1 
l. 
l. 
l. 
l. 
6 
6 
7 
2 
5 
2 
2 
4 
1 
2 
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• 
Radioactivity ~ X=Ray 
Fluorescence and Fluoroscopy 
Coolidge Tubes and Froduction of X-Rays 
History and Nature of X-Ray 
History and Nature of Radium 
Radium Waves 
Measurement of Radiation 
Artificial Radioactivity and Radioactive Isotopes 
Artificial Transmutation Fission and Synthesis 
Nature and Kind of Measurements 
---------
X 
1 
2 
1 
..!... 
Standards of Measurement 3 
Metric system. of Measurem.ent.s J. 
Kinds of Measurement 2 
Significant Figures 
Precision Instruments 
Units of Mass and Weight 1 
X 
1 
1 
4 
4 
3 
J. 
J. 
X 
2 
1 
1 
* 
5 
3 
3 
1 
J. 
2 
2 
* 
1 
1 
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